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Abstract—We are presenting a CubeSat mission concept wherein
a large number of small spacecraft furnished with Ultra-Long
Wavelength (ULW) observation antennas is to be implemented
to synthesize a large aperture for detecting ULW emissions from
selected Exoplanets. The CubeSat Array for the Detection of
RF Emissions from Exoplanets (CADRE) concept involves the
placement of a swarm arrangement of CubeSats into small-
amplitude Lissajous orbits around the Earth-Moon L2 point.
In addition to the ULW receivers, each CADRE CubeSat will
be furnished with a novel omnidirectional optical communicator
[1] which should allow data sharing at gigabit per second data
rates. In this paper we discuss the science goals, potential
architecture and key technical challenges of an eventual CADRE
implementation. We present the estimated interferometer spec-
ifications needed to detect Exoplanet RF emissions, CubeSat
orbits and formations as well as CubeSat design considerations.
Special focus is placed on the design of the mission-enabling
inter-CubeSat optical crosslink which allows for fast sharing of
the detected RF signals for subsequent correlation.
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1. INTRODUCTION

Earth-based low-frequency radio telescopes, such as the LOw
Frequency ARray (LOFAR) [2] and the Long Wavelength
Array (LWA) [3], have been pushing the boundaries of radio
astronomy throughout the last decade. Using interferometry,
hundreds of relatively cheap dipole antennas can substitute
impractically large dishes to achieve arcsecond-scale resolu-
tion. This approach has enabled astronomers to observe the
lower regions of the frequency band between 30 and 300
MHz, advancing scientific research on the early universe,
transient sources and cosmic rays to name a few examples.

One of the last hurdles to overcome in low-frequency radio

astronomy is the observation of the Ultra-Long Wavelength
(ULW) range above 10 meters, corresponding to frequencies

978-1-7281-2734-7/20/$31.00 (©2020 IEEE

Jose Velazco
Jet Propulsion Laboratory
California Institute of Technology
4800 Oak Grove Dr.
La Canada Flintridge, CA 91011
jose.e.velazco @jpl.nasa.gov

Mark Bentum
Department of Electrical Engineering
Eindhoven University of Technology
Groene Loper 3
5612 AE Eindhoven
m.j.bentum @tue.nl

below 30 MHz. This frequency domain contains signals
from the early universe and cyclotron radiations originat-
ing from the magnetic fields of exoplanets. Sub-10 MHz
cyclotron-maser instability (CMI) emissions are likely to be
the most discernible signal from Earth-like exoplanets, and
may indicate the presence of sufficient magnetic field strength
to shield against space weather and sustain a habitable at-
mosphere [4],[5],[6]. However, interference processes such
as scintillation, ionospheric refraction and solar eruptions
severely distort signals from astronomical sources below 30
MHz [7]. Combined with the intense radio frequency inter-
ference (RFI) below 20 MHz due to man-made signals, this
makes Earth-based astronomical observations in the ULW
domain impossible [8].

This last virtually unexplored domain of radio astronomy
could be observed by a radio interferometer located above
the ionosphere. Spaced-based radio arrays are not a new
concept: SunRISE (Sun Radio Space Imaging Experiment) is
an American mission currently in formulation at JPL [9], and
earlier European initiatives include DARIS, FIRST, SURO
and OLFAR [10]. DARIS (Distributed Aperture Array for
Radio Astronomy In Space) [11] and OLFAR (Orbiting Low
Frequency Array) [12] both propose an array placed into
lunar orbit. Both use CubeSats [13] that have been equipped
with electrically short antennas. These CubeSats can operate
as a swarm of identical array elements, or as a centrally
controlled constellation where the array elements are simpler
but dependent on a more complex satellite.

Even in space, the Earth can be a disruptive source of RFI
for low-frequency observations. Auroral kilometric radiation
(AKR), man-made interference and lightning can cause low-
frequency disturbances that interfere with the detection of
transients such as exoplanet signatures [7]. This RFI remains
problematic until around 1.5 million kilometers away from
Earth [14]. This distance is impractical for the transfer of
substantial amounts of measurement data to Earth.

In the 1970’s, the lunar-orbit RAE-2 satellite observed Earth-
based RFI below 13.1 MHz [15]. At the lunar orbit’s far side,
shielding by the Moon provided 10-30 dB of interference
suppression, a unique feature so close to Earth [5].

An array in lunar orbit would be shielded for only a fraction of
each orbit [12]. An observatory at the surface on the Moon’s
far side could measure continuously, but would be extremely
challenging to realize. We present the placement of a radio
telescope array into a cluster of small-amplitude Lissajous
orbits around the second Earth-Moon Lagrangian (L2) point.

The large number of simultaneous inter-satellite links (ISLs)
needed to transfer measurement data is one of the main chal-
lenges for implementing a space-based radio interferometry






